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(54) Vehicle air bag system 

(57) A vehicle air bag system is provided with an air 
bag that inflates and unfolds to cover the entire front sur- 
face of a front pillar (3). When it is judged based on the 
detection operation of a collision detection device (1 0) 
that there is a risk of colliding with a pedestrian, a hood 
pop-up device (11) is actuated and the rear end part of 



the hood (1) moves up. widening the gap between the 
rear end part and the front windshield (2). Simultane- 
ously, the air bag module (15) is actuated and the air 
bag (18) expands out from the gap. The air bag inifiates 
and unfolds so as to cover the entire front surface of the 
front pillar (3) from the base to the upper end thereof. 
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Description 

[0001 ] The present invention relates a vehicle air bag 
system. More specifically, the present invention relates 
to a vehicle air bag system that covers the front pillars 
of the vehicle body. 

[0002] The air bag system proposed in Laid-Open 
Japanese Patent Publication No. 5-281671 has an air 
bag module stored inside the front pillar such that the 
air bag inflates over the tront surface of the front pillar. 
The air bag system proposed In Lald-Open Japanese 
Patent Publication No. 2000-79859 has an air bag lo- 
cated In the gap between the rear end edge of the en- 
gine hood and the front windshield such that the air bag 
inflates along the entire the rear end edge of the engine 
hood in the transverse direction. 
[0003] In view of the above, there exists a need for an 
air bag system which Is.an improvement over the above- 
mentioned prior art. This invention addresses this need 
in the prior art as well as other needs, which will become, 
apparent to those skilled In the art from this disclosure. 
[0004] It has been determined, from the disclosure, 
that the former invention, in which the air bag module is 
stored inside the front pillar, has the following draw- 
backs: the air bag module instatlability is poor because 
the closed cross sectional area of the front pillar is lim- 
ited, the structure becomes complex, and the front pillar 
becomes larger making visibility poor. 
[0005] It has been determined.from the disclosure, 
that the latter invention is structured so that the air bag 
inflates and unfolds along the entire rear end edge of 
the engine hood in the transverse direction. Conse- 
quently, the air bag module is large and its insta liability 
Is poor Furthemiore, such a structure is disadvanta- 
geous in temris of cost and the air bag cannot cover the 
entire front surface of the front pillar from the base part 
to the upper end part. 

[0006] The present invention provides a vehicle air 
bag system that can inflate and unfold the air bag so as 
to cover the entire region reaching from the base part to 
the upper end part of the front side of the front pillar with- 
out hanming the installability of the air bag module. 
[0007] In accordance with one aspect of the present 
invention, a vehicle air bag system is provided with a 
collision detection device, a hood pop-up device and an 
air bag module. The collision detection device produces 
a detection signal upon detection of a collision between 
a front of a vehicle and an obstacle. The hood pop-up 
device is an^nged under a rear end part of a hood to 
move up the rear end part of the hood when actuated 
based on the detection signal from the collision detec- 
tion device. The air bag module that is arranged in a 
cowl top under the rear end part of the hood. The air bag 
module has an air bag that is inflated to expand out to- 
ward a front windshield from between the cow) top and 
the rear end part of the hood when the hood pop-up de- 
vice is actuated. The air bag is configured to cover a 
region ranging from a base part to an upper end part of 



a front surface of a front pillar. 

[0008] These and other objects, features, aspects 
and advantages of the present invention will become ap- 
parent to those skilled in the art from the following de- 
5 tailed description, which, taken in conjunction with the 
annexed drawings, discloses a preferred embodiment 
of the present invention. 

[0009] Refemng now to the attached drawings whk:h 
fonm a part of this original disclosure: 

10 

Figure 1 is a perspective view of the overall appear- 
ance of an automobile that uses the present inven- 
tion; 

Figure 2 is a partial cross sectional view showing 
15 the front portion of the automobile shown in Figure 
1; 

Figure 3 is a partial cross sectional view that corre- 
sponds to region A in Figure 2 and shows the first 
embodiment of the present invention; 

20 Figure 4 illustrates the air bag folding procedure for 
the first embodiment of the present invention; 
Figure 5 is a perspective view of the up condition of 
the rear end edge of the engine hood in the first em- 
bodiment of the present invention; 

25 Figure 6 is a perspective view showing the appear- 
ance of the inflated and unfolded condition of the 
air bags in the first embodiment of the present in- 
vention; 

Figure 7 is a partial plan view illustrating the unfold- 
30 ed condition of the air bags shown in Figure 6; 

Figure 8 is an enlarged perspective view of region 
B in Figure 6; 

Figure 9 shows partial cross sections that were tak- 
en along line C-C In Figure 7 and serve to explain 
35 how the first embodiment of the present invention 
functions to prevent the air bag from shifting side- 
ways; 

Figure 1 0 shows partial cross sections that illustrate 
the inflation and unfolding of the air bag of the first 

40 embodiment of the present invention in stages; 

Figure 11 is a partial plan view illustrating the side- 
ways shifting prevention guide device of the second 
embodiment of the present invention; 
Figure 1 2 is a perspective view showing the appear- 

45 ance the sideways shifting prevention guide device 
of the third embodiment of the present invention; 
Figure 1 3 is a partial perspective view of the key 
components in region D of Figure 12; 
Figure 14 is a partial plan view illustrating the side- 

50 ways shifting prevention guide device of the third 
embodiment of the present invention; 
Figure 1 5 shows partial cross sections that illustrate 
the inflation and unfolding of the air bag of the fourth 
embodiment of the present invention in stages; 

55 Figure 1 6 is a partial cross sectional view illustrating 
the fifth embodiment of the present invention; and 
Figure 17 Is a flow chart Illustrating an example of 
the control operations of the air bag system of the 
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present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] Selected embodiments of the present inven- 
tion wi)l now be explained with reference to the draw- 
ings. It wilt be apparent to those skilled in the art from 
this disclosure that the following description of the em- 
bodiments of the present invention is provided for illus- 
tration only, and not for the purpose of limiting the inven- 
tion as defined by the appended claims and their equiv- 
alents. 

[0011] Referring Initially to Figure 1, an overall per- 
spective view of an automobile or vehicle V is illustrated 
equipped with an air bag system in accordance with a 
first embodiment of the present invention. Figure 2 is a 
partial cross sectional view shoving the front portion of 
the vehicle V shown in Figure 1 . In both Figures 1 and 
2, the vehicle V has an engine hood 1 , a front windshield 
2, a pair of front pillars 3 and a cowl top 4. The front 
pillars 3 extend vertically on both sides of the front wind- 
shield 2, while the cowl top 4 extends in a transverse 
direction at the bottom part of the front windshield 2. The 
bases of the front pillars 3 are typically Joined to the side 
ends of the cowl top 4. 

[0012] As used herein, the following directional temns 
"forward, rearward, above, downward, vertical, horizon- 
tal, below and transverse" as well as any other similar 
directional terms refer to those directions of a vehicle 
equipped with the present invention. Accordingly, these 
terms, as utilized to describe the present invention 
should be interpreted relative to a vehicle equipped with 
the present invention. 

[001 3] The air bag system of the present invention ba- 
sically includes a collision detection device 1 0, a pair of 
hood pop-up devices 11 and a pair of air bag modules 
15. The air bag system of the present invention serves 
to reduce an impact for pedestrians by covering the front 
pillars 3. 

[0014] The hood pop-up devices 1 1 are arranged un- 
der both sides of the rear end part of the engine hood 1 
to move up the rear end part of the engine hood 1 . The 
hood pop-up devices i 1 are actuated based on a detec- 
tion signal from the collision detection device 1 0 that de- 
tects a collision between the front of the vehicle V and 
an obstacle. 

[0015] The air bag modules 15 are arranged under 
both sides the rear end part of the engine hood 1 . More 
specifically, the air bag modules 15 are preferably ar- 
ranged on the cowl top 4 at positions that are slightly 
offset towards the center of the vehicle V from the posi- 
tions where the hood pop-up devices 11 are arranged. 
[0016] Each air bag module 15 is arranged inside a 
module case 1 6 as shown in Figure 3 . Each air bag mod- 
ule 15 is equipped with an inflator 17 and an air bag 1 8. 
The inflator 17 Is Ignited and generates an inert gas 
when the hood pop-up device 11 is actuated based on 



the detection operation of the collision detection device 
10. The air bag 18 is folded and stored inside the module 
case 16. The air bag 18 is inflated due to the gas gen- 
erated by the infiator 17 so as unfold the air bag 18 to 
cover the entire region reaching from the base part to 
the upper end part of the front side of the front pillar 3. 
[0017] As shown in Figure 4, the air bag 18 is 
equipped with a substantially rectangular the central 
part 1 8a and upper and lower sleeve parts 1 8b and 1 8c. 
The central part 1 8a of the air bag 1 8 inflates and unfolds 
long and at a slant from the module case 1 6 toward the 
front pillar 3. The upper and lower sleeve parts 1 8b and 
1 8c that have the following characteristics: (1 ) they are 
provided on the central part 1 8a in a continuous manner; 
(2) each has a substantially triangular shape with its 
base side f onning one of the lateral sides of substantially 
the upper half of the central part 1 8a located therebe- 
tween; and (3) they form a substantially rectangular 
shape that extends in the vertical direction when they 
inflate. Thus, when the air bag 1 8 inflates and unfolds. 
It covers the front surface of the front pillar 3 from the 
base part to the upper end part thereof as previously 
explained. 

[0018] The air bag 1 8 is stored in the module case 1 6 
as follows. First, the upper and lower sleeve parts 18b 
and 18c are folded on top of the substantially upper half 
of the central part 18a from the aforementioned base 
sides as indicated by the arrows in Figure 4 (A). Then, 
as indicated by the arrows in Figure 4 (B), the central 
part 1 8a is rolled or folded up from its upper end so that 
the upper end Is rolled or folded on top of the upper sur- 
face of the inner end of the central part 1 8a. 
[0019] The hood pop-up device 11 is affixed to the 
cowl top 4 or some other frame member In the engine 
compartment such as the hood ridge upper reinforce- 
ment (not shown) that is Joined to both sides of the cowl 
top 4 and extends toward the front of the vehicle V. The 
hood pop-up devices 1 1 are located at positions that are 
further towards the outside of the vehicle V in the trans- 
verse direction than the air bag rriodules 15. 
[0020] Preferably, the hood pop-up device 11 is a de- 
vice that electromagneticatly raises the stay 1 2 by a pre- 
scribed lift amount Instantaneously so that the rear end 
part of the engine hood 1 is moved up. In this embodi- 
ment, as shown in Figure 5, a bracket 13 is coupled at 
one end with a pin to the upper end of the stay 12. The 
other end of the bracket 13 is fastened to the rear end 
part of the engine hood 1 . The stay 12 and bracket 13 
form a hood hinge. 

[0021] The air bag modules 15 are installed at posi- 
tions that are slightly offset towards the center of the ve- 
hicle V from the installation position of hood pop-up de- 
vice 11 , as previously explained. The lower sleeve part 
18c contacts the stay 12 when the air bag 18 inflates 
and unfolds after the rear end part of the engine hood 1 
has moved up. Therefore, in this embodiment, the stay 
12 is used effectively as a stopper 20, which prevents 
the air bag 18 from shifting sideways in the transverse 
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direction of the vehicle V as described later. 
[0022] In order for the stopper 20 to prevent the side- 
ways shifting of the air bag 1 8 even more effectively, the 
tower sleeve part 1 Be is sized to wrap around stopper 
20 when it inflates and unfolds, as shown in Figures 7 s 
and 8. 

[0023] A deformation prevention member 21 that pre- 
vents the rear end part of the engine hood 1 from de- 
fomning due to the inflation and unfolding of the air bag 
18 is provided on the rear end part of the engine hood io 
1 In at least the region where the air bag 1 8 inflates and 
unfolds. Also provided is an upper guide 22 that pre- 
vents the air bag 18 from arching up when the air bag 
1 8 expands out from the gap between the rear end part 
of the engine hood 1 and the front windshield 2. is 
[0024] The perimeter of the engine hood 1 is formed 
so that the perimeter of the outer hood panel 1 a is joined 
with the perimeter of the Inner hood panel 1b by hem- 
ming or seaming. In this embodiment, as shown in Fig- 
ure 3. the required region of the rear end part of the hood 20 
1 is hemmed such that the rear end edge of the outer 
hood panel la is expanded downward in a curved 
shape. This results in a so-called the circular folded edg- 
ing part 21a that increases rigidity of the hood 1, and 
thus, serves as the aforementioned the deformation pre- 25 
vention member 21 . 

[0025] The inner hood panel lb has a downwardly 
facing protruding part 22a that is formed so as to expand 
in a curved shape on the inner hood panel 1 b at posi- 
tions above the air modules 1 5 and in front of the circular 30 
folded edging part 21 a. The aforementioned guide 22 
for preventing the air bag from arching up comprises the 
circular folded edging part 21 a, the protruding part 22a, 
and the recessed part 22b formed between the circular 
folded edging part 21 a and the protruding part 22a. 35 
[0026] The gap between the rear end part of the en- 
gine hood 1 and the front windshield 2 is set so that, 
under normal conditions, it is large enough to store a 
wiper device (not shown). Therefore, the circular folded 
edging part 21a and the protruding part 22a protrude by 40 
an amount that does not hinder the storage of the wiper 
device. 

[0027] Additionally, a lateral guide 23 that prevents 
the air bag 1 8 from shifting sideways toward the outside 
in the transverse direction of the vehicle V when the air 
bag 1 8 expands is provided on the tower side of the rear 
end part of the engine hood 1 . In this embodiment, the 
lateral guide 23 prevents sideways shifting is fomned as 
shown in Figure 9. by forming a circular folded edging 
part 23a located in a region corresponding to the instal- so 
lation section of the air bag module 15 on the rear end 
lateral edge of the outer hood panel la. In addition to 
the circular folded edging part 23a. a downwardly pro- 
truding part 23b is also formed on the lateral part of the 
rear end of the inner hood panel 1 b such that the lateral ss 
guide 23 comprises the circular folded edging part 23a 
and the protruding part 23b. The lateral guide 23 acts 
as sideways shifting prevention guide means. 



[0028] In this embodiment, the collision detection de- 
vice 10 comprises a distance sensor 10A and a G sen- 
sor 1 0B. The distance sensor 1 0A is arranged as shown 
in Figure 2 on the tower side of the front bumper 5 and 
electricaily detects a collision between the front of the 
vehicle V and an obstacle. The G sensor 10B is used 
with conventional air bags that reduces an impact to 
passengers in a frontal collision, and thus, detects the 
deceleration in the longitudinal direction of the vehicle 
V and generates an electric signal. 
[0029] The distance sensor 10A electrically detects 
the distance between the automobile and a pedestrian 
in front of the automobile. This distance is outputted to 
the controller 19 as a trigger signal that actuates the 
hood pop-up device 11 and the air bag module 15. The 
controller 1 9 executes a prescribed computation based 
on the trigger signal and the detection signal from the G 
sensor 10B. As discussed later, when it is determined 
that there is the risk of a collision with the pedestrian, 
the controller 19 sends a prescribed actuation signal 
(actuation current) to the hood pop-up device 11 and the 
air bag module 15. 

[0030] Next, the control operations of the air bag sys- 
tem of this first embodiment will be discussed using the 
flowchart shown in Figure 1 7. 

[0031 ] In step S 1 , when a pedestrian approaches the 
front of the vehicle V, the distance sensor 1 0A which is 
anBnged in the front bumper 5 of the front end of the 
vehicle V as previously described, measures the relative 
distance S between the vehicle V and the pedestrian. 
[0032] When a pedestrian approaches the front of the 
automobile, the driver normally applies the vehicle 
bralces rapidly so as to avoid a collision with the pedes- 
trian. In step S2, the G sensor 1 0B detects the generat- 
ed deceleration G of the vehicle V resulting from this 
rapid braking. 

[0033] In step S3, the controller 19 executes a pre- 
scribed computation based on relative distance S meas- 
ured by the distance sensor 10A and the value of the 
deceleration G measured by the G sensor 10B and de- 
temiines whether or not there is a risk of collision with 
the pedestrian. 

[0034] When it is judged that a collision risk exists 
(YES) in step S3, the control moves to step S4. The ac- 
tuation current is sent to the electromagnetic actuator of 
the hood pop-up devices 11 , the stays 12 are lifted in- 
stantaneously, and the rear end part of the engine hood 

I is moved up by a prescribed lift amount. 

[0035] The amount of time that elapses from when the 
actuation current is supplied to the hood pop-up devices 

II until the rear end part of the engine hood 1 moves up 
by a prescribed lift amount is preset in the controller 1 9. 
After the prescribed amount of time has elapsed, the 
control moves to step S5 and actuation current Is sent 
to the air bag modules 15. The inflators 17 are ignited 
and generate gas. The pressure of this gas causes the 
air bags 18 to expand out toward the front windshield 2 
from the gap between the rear end part pf the engine 
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hood 1 and the front windshield 2. The air bags 1 8 inflate 
and unfold in such a manner that they cover the entire 
regions from the base parts to the upper end parts of 
the front surfaces of the front pillars 3. 
[0036] Thus, the rear end part of the engine hood 1 is 
moved up by the hood pop>up devices 11 and the gap 
between the rear end part of the engine hood 1 and the 
front windshield 2 is widened. The air bag modules 15 
are actuated and the air bags 18 expand almost simul- 
taneously with the widening of this gap. Therefore, the 
air bags 1 8 expand smoothly out from the gap toward 
the front windshield 2. The air bags 1 8 Inflate and unfold 
so as to cover the entire front surface of the front pillar 
3 as described previously. 

[0037] As a result, the air bags 1 8 prevent direct con- 
tact between the pedestrian and the front pillars 3 and 
the air bags 1 8 makes It possible to soften the impact 
dependably. 

[0038] In the initial stage of the inflation of the air bags 
1 8, the moving up of the rear end part of the engi ne hood 
1 creates a gap between the rear end lateral part of the 
engine hood 1 and the front fender 6. There Is a tenden- 
cy for the air bag 18 to shift sideways to the outside in 
the transverse direction of the vehicle V and pass 
through this gap. This sideways shifting of the air bags 
1 8 is deterred by the guide 23 (the sideways shifting pre- 
vention guide device) provided on the lower side of the 
rear end part of the engine hood 1 and proper inflation 
and unfolding toward the front pillars 3 can be accom- 
plished. 

[0039] In this embodiment, the guide 23 comprises 
the circular folded edging part 23a fomied on the rear 
end lateral edge of the outer hood panel 1 a and/or the 
protruding part 23b formed on the lateral part of the rear 
end part of the inner hood panel lb. As a result, the 
guide does not require separate specialized members 
and is advantageous in terms of cost. Also, when the 
guide 23 is formed from the circular folded edging part 
23a and the protruding part 23b, the sideways shifting 
of the air bags 1 8 can be deterred at multiple stages 
during the inflation of the air bags 1 8 as shown In Figure 
9 (A) to (C), and thus, the sideways-shifting prevention 
effect can be Increased. 

[0040] Also, the air bags 1 8 touch the rear end part of 
the engine hood 1 in the initial stage of inflation and un- 
folding when the air bags 1 8 expand out toward the front 
windshield 2 from the gap between the rear end part of 
the engine hood 1 and the front windshield 2. However, 
since the deformation prevention member 21 is provid- 
ed on the rear end part of the engine hood 1 , deforma- 
tion of the rear end part of the engine hood 1 by the 
internal pressure of the air bags 1 8 is prevented and the 
air bags 1 6 can be made to unfold properiy without ham- 
pering the unfolding performance and unfolding direc- 
tion of the air bags 1 8. 

[0041] More particulariy, in this embodiment, the de- 
fonnatlon prevention member 21 does not require spe- 
cial reinforcing members and is advantageous from the 



standpoints of both design and cost because it compris- 
es the circular folded edging part 21 a formed on the rear 
end edge of the outer hood panel 1 a. Furthermore, since 
the circular folded edging part 21 a protrudes downward 
5 in a curved shape, the circular folded edging part 21a 
can deter unstable behavior in which the air bags 18 
wrap upward around the rear end edges of the engine 
hood 1 in the initial stage of the inflation of the air bags 
18. 

10 [0042] Additionally, the upper guide 22, which pre- 
vents the air bags 1 8 from arching up, is provided on the 
lower side of the rear end part of the engine hood 1 . 
Consequently, in the initial stage of the inflation of the 
air bags 1 8, the upper guide 22 deters unstable behavior 
15 jn which the air bags 1 8 arch up and separate from the 
front pillars 3 and the air bags 18 can be made to inflate 
and unfold properiy along the front surfaces of the front 
pillars 3. 

p)043] More specifically, the upper guide 22 serves as 
an arch-up prevention guide device that comprises the 
circular folded edging part 21a, the curved protruding 
part 22a provided on the inner hood panel lb, and the 
recessed part 22b formed between the circular folded 
edging part 21a and curved protruding part 22a. Con- 
sequently, as the air bags 18 inflate, the upper surfaces 
of the base fabric align with the undulated shape of the 
upper guide 22 as shown in Figure 1 0 (A) to (D) and the 
upper surfaces of the base fabric takes on an undulated 
shape. The flow of gas along the upper surfaces of the 
insides of the air bags 18 is directed downward at one 
point (as Indicated by the arrows in the same figure) due 
to the undulated shape and the mainstream of the gas 
flow Is made to flow substantially in alignment with the 
slant of the front windshield 2 and the front pillar 3. As 
a result, the arch-up behavior of the air bags 1 8 can be 
effectively deterred. 

[0044] The air bags 1 8 are equipped with a substan- 
tially rectangular the central part 1 8a that inflates and 
unfolds long and at a slant from the module cases 16 
toward the front pillars i3 and upper and lower sleeve 
parts 1 8b and 1 8c that have the following characteris- 
tics: (1) they are provided on the central part 18a in a 
continuous manner; (2) each has a substantially trian- 
gular shape with its base side forming one of the lateral 
sides of substantially the upper half of the central part 
18a therebetween; and (3) they form asubstantially rec- 
tangular shape that extends in the vertical direction and 
cover the front surface of the front pillar 3 from the base 
to the upper end thereof when they inflate. Thus, when 
the air bags 1 8 Inflate, substantially rectangular the cen- 
tral parts 1 8a unfold long and at a slant from the module 
cases 1 6 toward the front pillars 3. After central parts 1 8 
have inflated, the upper and lower sleeve parts 1 8b and 
18c inflate and cover the entire front surfaces of the front 
pillars 3 from the base part to the upper end part thereof, 
as shown in Figures 1 . 6, and 7. Consequently, the in- 
stallation locations of the air bag modules 15 are not 
limited to the areas around the bases of the front pillars 
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3. Instead, the air bag modules 15 can be installed in 
positions that are offset from the bases of the front pillars 
3 toward the center of the vehicle V and the degree of 
freedom of the afr bag module installation layout can be 

Increased. 

[0045] The 9ir bag 1 8 Is stored in the module case 1 6 
as follows: upper and lower sleeve parts 1 6b and 1 8c of 
are folded onto the substantially upper half of the central 
part 1 8a about the aforementioned base sides; then, the 
central part 18a Is rolled up from its upper end so that 
the rolled up end Is on top. As a result, the unfolding of 
the air bag 1 8 is directed upward duhng inflation and 
interferes little with the front windshield 2. Thus, the un- 
folding performance is not hampered by interference of 
the air bag 18 with the front windshield 2 and the front 
pillar 3. 

[0046] Incidentally. If the central part 18a were rolled 
up from Its upper end so that the rolled up end is on the 
bottom, the unfolding of the air bag 1 8 would be directed 
downward during inflation and there would be the pos- 
sibility that the airbag would readily interfere with the 
front windshield 2 and. the front pillar 3. Therefore, one 
can understand the advantageousness of the unfolding 
perfomiance provided by configuration of the air bag 1 8 
In this embodiment. 

[0047] Furthenmore, since upper and lower sleeve 
parts 18b and 18c are folded on top of the central part 
18a, sleeve parts 18b and 18c do not interfere with the 
front windshield 2 orthe front pillar 3 the central part 1 8a 
when upper and lower sleeve parts 1 8b and 1 8c inflate 
and unfold after the central part 18a has Inflated and 
unfolded. Therefore, the unfolding perfonnance of the 
air bag 1 8 can be improved. 

[0048] Thus, the entire front surfaces of the front pil- 
lars 3 can be covered when the air bags 1 8 inflate and 
unfold. As a result of the long, narrow unfolding behavior 
of the air bags 18 along the front pillars 3 in the vertical 
directions, it is possible for the air bags 1 8 to shift side- 
ways in the transverse direction of the vehicle V as 
shown in Figure 7. More specifically, when substantially 
rectangular the central part 1 8a first inflates and unfolds 
at a slant toward the front pillars 3 as in this embodiment, 
the degree of shifting toward the outside in the trans- 
verse direction of the vehicle tends to become large. 
When this occurs, the lower lateral part of the air bag 1 8 
that faces the outside in the transverse direction con- 
tacts the stay 12 of the hood pop-up device 11 and the 
stay 1 2 can function as the stopper 20 to prevent the air 
bag 18 from shifting sideways. 

[0049] More specifically, the lower part of the air bag 
18, i.e., the lower sleeve part 18c, is sized so that it 
wraps around the stay 1 2 when the air bag inflates and 
unfolds, as shown in Figures 7 and 8. Since this arrange- 
ment increases the degree to which the air bag wedges 
into the stay 12, the invention is highly effective at pre- 
venting the sideways shifting of the air bag 18. The air 
bag 1 8 can be made to inflate and unfold properly such 
that it does not shift sideways in the traverse direction 



of the vehicle with respect to the front surface of the front 
pillar 3 and the unfolding stability of the air bag 18 can 
be increased. 

[0050] Also, this embodiment is advantageous from 
5 the standpoints of both design and cost because uses 
the stays 12 of the hood pop-up devices 11 effectively 
as the stoppers 20 for preventing the sideways shifting 
of the air bags 18. 

10 SECOND EMBODIMEfMT 

[0051] Refemng now to Figure 11 , a vehicle air bag 
system in accordance with a second embodiment will 
now be explained. In view of the similarity between the 

15 first and second embodiments, the parts of the second 
embodiment that are identical to the parts of the first em- 
bodiment will be given the same reference numerals as 
the parts of the first embodiment. Moreover, the descrip- 
tions of the parts of the second embodiment that are 

20 identical to the parts of the first embodiment may be 
omitted for the sake of brevity. In this embodiment, a 
vertically oriented projection 24 having undulations on 
an arc-shaped circumferential surface is provided on a 
rear edge of the stay 12 that serves as the stopper 20 

25 In the first embodiment. 

[0052] Therefore, this feature of the second embodi- 
ment adds to the effects of the first embodiment Since 
the lower lateral part (sleeve part 1 8c) of the base fabric 
wedges into the arc-shaped, undulated circumferential 

30 surface of the projection 24 when the air bag 1 8 Inflates 
and unfolds, the air bag 18 does not slip with respect to 
the stay 12 and the sideways shifting prevention effect 
with respect to the air bag 18 can be increased. 

35 THIRD EMBODIMENT 

[0053] Refemng now to Figure 12 to 14, a vehicle air 
bag system in accordance with a third embodiment will 
now be explained. In view of the similarity between the 

40 first and third embodiments, the parts of the third em- 
bodiment that are identical to the parts of the first em- 
bodiment will be given the same reference numerals as 
the parts of the first embodiment. Moreover, the descrip- 
tions of the parts of the third embodiment that are iden- 

45 tical to the parts of the first embodiment may be omitted 
for the sake of brevity. In this embodiment, a cylindrical 
cover 25 covers the stay 12 that serves as the stopper 
20 in the first embodiment. 

[0054] The cover 25 has a bellows form that is made 
50 of an elastic material, such as plastic or rubber, with suf- 
ficient rigidity to retain Its shape. The cover 25 Is flexible 
so that It can follow the behavior of the stay 12 as shown 
in Figures 13 (A) and (B). The cover 25 has a recessed 
part 26 formed in substantially the center of its reanward- 
55 ly facing lateral surface so as to extend in the vertical 
direction. 

[0055] Thus, the third embodiment adds to the effects 
of the first embodiment. Hami to the air bag 1 8 can be 
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prevented because cylindrical the cover 25 prevents di- 
rect contact between the stay 12 and the base fabric of 
the air bag 18 as shown in Figure. 12. 
[0056] Also, since the base fabric of the air bag 18 
aligns with the recessed shape of the rear surface of 5 
cylindrical the cover 25 and wedges into recessed part 

26 as shown in Figure 14, the air bag 18 does not slip 
with respect to cylindrical the cover 25 and the sideways 
shifting prevention effect can be increased. 

[0057] Each of the aforementioned embodinr^ents us- io 
es the stays 1 2 of the hood pop-up device 1 1 as the stop- 
per 20 for preventing sideways shifting of the air bag 1 8 
and places one each in positions to the outside of air 
bag nnodules 15 (left and right sides) in the transverse 
dlrection.of the vehicle V. However, it is also acceptable ^5 
to install a plurality of separate stoppers 20 in addition 
to the stays 12 so that the air bag 18 is even more reli- 
ably prevented from shifting sideways. 
[0058] The air bag 18 can also be housed Inside the 
module case 1 6 by folding the lower steeve.part 1 Be onto 
substantially the upper half of the substantially rectan- 
gular central part 1 8a such that it is on the bottom of 
substantially the lower half of the central part 18a and 
rolling up the central part 1 8a from Its upper end so that 
the rolled-up end is on top as previously described. In 
the late stage of the inflation and unfolding of the air bag 
18, the lower sleeve part 18c unfolds downward and 
kicks the stay 12 (i.e., the stopper 20). As a result, the 
air bag 1 8 is deterred from shifting sideways toward the 
outside in the transverse direction of the vehicle V and 
the sideways shifting prevention effect can be in- 
creased. 

FOURTH EMBODIMENT 

[0059] Referring now to Figure 15, a vehicle air bag 
system in accordance with a fourth embodiment will now 
be explained. In view of the similarity between the first 
and fourth embodiments, the parts of the fourth embod- 
iment that are Identical to the parts of the first embodi- 
ment will be given the same reference numerals as the 
parts of the first embodiment. Moreover, the descrip- 
tions of the parts of the fourth embodiment that are Iden- 
tical to the parts of the first ernbodiment may be omitted 
for the sake of brevity. In this embodiment, the upper 
guide 22 that prevents the air bag 1 8 from arching up in 
the first embodiment comprises a connecting member 

27 anxinged so as to span between the upper surface 
of the module case 1 6 to the vicinity of the circular folded 
edging part 21 a on the rear end edge of the engine hood 
1. 

[0060] The connecting member 27 is made of an elas^ 
tic material, such as plastic, with sufficient rigidity to re-, 
tain Its required shape. The rear end part of the connect- 
ing member is provided with downward-projecting pro- 
truding part 28, which is stepped shape in the longitudi- 
nal direction of the vehicle V. It Is flexible and capable 
of elastic deformation such that it can follow the behavior 



of the rear end part of the engine hood 1 . 
[0061] Thus, in the fourth embodiment, as the air bag 
1 8 inflates and unfolds, the upper surface of the air bag 
base fabric aligns with the shape of protruding part 28 
on the rear end part of the connecting member 27 as 
shown In Figure 15 (A) to (C) and the upper surface of 
the base fabric takes on an undulated shape. The flow 
of gas along the upper surface of the inside of the air 
bag is directed downward at one point (as indicated by 
the arrows in the same figure) due to the undulated 
shape and the mainstream of the gas flow is made to 
flow substantially in alignment with the slant of the front 
windshield 2 and the front pillar 3. As a result, similar 
effects to those of the first embodiment can be achieved. 
[0062] Also, the protruding part 28 and the longitudi- 
nally stepped shape of the connecting member 27 make 
Is possible to tune the direction of the gas flow along the 
upper surface of the inside of the air bag 1 8 and to guide 
the upward unfolding behavior of the air bag 1 B In a con- 
tinuous manner from the upper surface of the module 
case 1 6 to the rear end edge of the engine hood 1 . Thus, 
the controllability of the unfolding behavior can be im- 
proved. 

[0063] Furthennore, the elasticity of the connecting 
member 27 can absorb variations in the upward behav- 
ior of the air bag 18 and even further improve the con- 
trollability of the unfolding behavior of the air bag 18. 

FIFTH EMBODIMENT 

[0064] Referring now to Figure 16, a vehicle air bag 
system in accordance with a fifth embodiment will now 
be explained. In view of the similarity between the fourth 
and fifth embodiments, the parts of the fifth embodiment 
that are identical to the parts of the fourth embodiment 
wilt be given the same reference numerals as the parts 
of the fourth embodiment. Moreover, the descriptions of 
the parts of the fifth embodiment that are identical to the 
parts of the fourth embodiment may be omitted for the 
sake of brevity. 

[0065] In this embodiment, a bottom guide member 

29 that guides the unfolding of the bottom surface of the 
air bag 1 8 when the air bag Inflates and unfolds Is pro- 
vided from the upper surface of the cowl top 4 to the 
bottom part of the front windshield 2. The bottom guide 
member 29 is made of plastic or a metal plate. Its bottom 
end is fixed to the cowl top 4 with a fastening member 

30 and its upper end is fomns a sloped surface that is 
disposed with a space between itself and the front wind- 
shield 2. 

[0066] For convenience, this embodiment uses the 
connecting member 27 presented in the fourth embod- 
iment as the upper guide 22 for preventing the air bag 
from arching up. but the invention is not limited to such 
a guide device. 

[0067] Thus, the structure of the fifth embodiment 
adds to the effects of the first through fourth embodi- 
ments. When the air bag 1 8 expands from underthe rear 
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end part of the engine hood 1 in the initial stage of infla- 
tion and unfolding, the bottom surface of the air bag 1 8 
Is guided by the bottom guide member 29 and contact 
with the front windshield is avoided completely- As a re- 
sult, the unfolding performance of the air bag 18 is im- 
proved even further. 

[0068] The terms of . degree such as "substantially", 
"about" and "approximately" as used herein mean a rea- 
sonable amount of deviation of the modified term such 
that the end result is not significantly changed. 
[0069] This application claims priority to Japanese 
Patent Application No. 2000-22781 6. The entire disclo- 
sure of Japanese Patent Application No. 2000-227816 
is hereby incorporated herein by reference. 
[0070] While only selected embodiments have been 
chosen to illustrate the present invention, It will be ap- 
parent to those skilled in the art from this disclosure that 
various changes and modifications can be made herein 
without departing from the scope of the invention as de- 
fined in the appended claims. Furthennore. the forego- 
ing description of the embodiments according to the 
present invention are provided for illustration only, and 
not for the purpose of limiting the invention as defined 
by the appended claims and their equivalents. Thus, the 
scope of the invention Is not limited to the disclosed em- 
bodiments. 



Claims 

1. A vehicle air bag system comprising: 

a collision detection device (10) that produces 
a detection signal upon detection of a collision 
between a front of a vehicle (V) and an obsta- 
cle; 

a hood pop-up device (11) that is arranged un- 
der a rear end part of a front hood (1) to move 
up said rear end part of said hood (1 ) when ac- 
tuated based on said detection signal from said 
collision detection device (1 0); and 
an air bag module (15) that is arranged in a cowl 
top (4) under said rear end part of sajd hood 
(1), said air bag module (15) having an air bag 
(18) that is inflated to expand out toward a front 
windshield (2) from between said cowl top (4) 
and said rear end part of said hood (1) when 
said hood pop-up device (11) is actuated, said 
* air bag (1 8) being configured to cover a region 
ranging from a base part to an upper end part 
of a front surface of a front pillar (3). 

2. A vehicle air bag system as recited in claim 1 , 
wherein 

said rear end part of said hood (1 ) is provided 
with a defomiation prevention member (21) that is 
configured to prevent said rear end part from being 
deformed by said inflation of said air bag (18). 



3. A vehicle air bag system as recited in claim 2. 
wherein 

said deformation prevention member (21) 
comprises a circular folded edging part (21a) 
5 formed by expanding said rear end edge of an outer 
hood panel (la) of said hood (1) downward in a 
curved shape. 

4. A vehicle air bag system as recited in any one of 
10 claims 1 to 3, wherein 

said rear end part of said hood (1 ) has an up- 
per guide (22) that is configured to prevent said air 
bag (1 8) from arching up when said air bag (1 8) ex- 
pands on a lower side of said rear end part of said 
IS hood(1). 

5. A vehicle air bag system as recited in claim 4. 
wherein 

said upper guide (22) includes a circular fold- 
20 ed edging part (21a), a protruding part and a re- 
cessed part, said circular folded edging part (21a) 
having a cun^ed shape extending downwardly from 
said rear end edge of said hood (1 ), said protruding 
part (22a) being formed at said front side of said 
25 circular folded edging part (21a) so as to expand 
. downward in a curved shape, and said recessed 
part (22b) being fomned between said circular fold- 
ed edging part (21 a) and said protruding part (22a). 

30 6. A vehicle air bag system as recited in claim 4, 
wherein 

said upper guide (22) is arranged to span be- 
tween an upper surface of a module case (16) and 
. said rear end part of said hood (1). and to undergo 
35 elastic defomiation such that It expands and con- 
tracts freely, said upper guide (22) having a con- 
necting member (27) that has a downwardly pro- 
jecting protruding part (28) with a stepped shape in 
a longitudinal direction of said vehicle (V). 

40 

7. A vehicle air bag system as recited in any one of 
claims 1 to 6. wherein 

said rear end part of said hood (1 ) has a lateral 
guide (23) on its lower side that is configured to pre- 
45 vent said air bag (1 8) from shifting sideways toward 
a lateral side of said vehicle (V) when said air bag 
(1 8) expands. 

8. A vehicle air bag system as recited in claim 7, 
so wherein 

said lateral guide (23) comprises a circular 
folded edging part (23a) extending downwardly in a 
curved shape from on a lateral edge of said rear end 
of an outer hood panel (la) of said hood (1), and a 
55 protruding part (23b) extending downwardly in a 
curved shape from a lateral part of a rear end part 
of an inner hood panel (lb). 
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9. A vehicle air bag system as recited in any one of 
claims 1 to 8, further comprising 

a stopper (20) disposed laterally outside of 
said air bag module (15) with respect to a trans- 
verse direction of said vehicle (V) to prevent said 
air bag (18) from shifting sideways when said air 
bag (1 8] inflates in a vertical direction of a front sur- 
face of said front pillar (3). 

10. A vehicle air bag system as recited in claim 9, 
wherein 

said stopper (20) comprises a stay (1 2) of said 
hood pop>up device (11 ) that extends upward when 
said rear end part of said hood (1) is sprung up. 

11. A vehicle air bag system as recited in claim 10, 
wherein 

said stay (1 2) of said hood pop-up device (11 ) 
has a vertically oriented projection (24) with undu- 
lations on an arc-shaped circumferential surface on 
a rear edge of said stay (12). 

12. A vehicle air bag system as recited in claim 10, 
wherein 

said stay (1 2) of said hood pop^up device (11) 
. is covered with a cylindrical cover (25) having a flex- 
ible elastic member. 

13. A vehicle air bag system as recited In claim 12, 
wherein 

said cover (25) has a recessed part (26) ex- 
tending in a vertical direction which is formed at sub- 
stantially a center portion of a rear lateral surface of 
said cover (25). 

14. A vehicle air bag system as recited in any one of 
claims 1 to 8, wherein 

said air bag (18) includes 

a substantially rectangular central part (18a) 
that inflates and unfolds long and at a slant from 
a module case (1 6) toward said front pillar (3), 
and upper and lowersleeve parts (1 8b, 1 Sc) ex- 
tending from said central part (1 8a) in a contin- 
uous manner, each of said upper and lower 
sleeve parts (1 8b, 1 8c) having a substantially 
triangular shape with a base side forming a lat- 
eral side an upper section of said central part 
(18a) such that said upper and lower sleeve 
parts (18b, 18c) inflate to form a substantially 
rectangular shape that extends in said vertical 
. direction and cover said front surface of said 
front pillar (3) from said base part to said upper 
end part. 

15. A vehicle air bag system as recited in any one of 
claims 9 to 1 3, wherein 

said air bag (1 8) includes 



a substantially rectangular central part (18a) 
that inflates and unfolds long and 
at a slant from a module case (1 6) toward said 
front pillar (3), and upper and lower sleeve parts 

5 (1 8b, 18c) extending from on said central part 

(18a) in a continuous manner, each of said up- 
per and lowersleeve parts (18b, 18c) having a 
substantially triangular shape with a base side 
forming a lateral side an upper section of said 

10 central part (1 8a) such that said upper and low- 

er sleeve parts (1 8b, 1 8c) inflate to form a sub- 
stantially rectangular shape that extends in 
said vertical direction and cover said front sur- 
face of said front pillar (3) from said base part 

IS to said upper end part, said lower sleeve part 

(18c) being sized to wrap around said stopper 
(20) when said air bag (18) inflates. 

16. A vehicle air bag system as recited in claim 14 or 

20 15, wherein 

said air bag (18) is housed inside said module 
case (16) such that said upper and lower sleeve 
parts (18b, 18c) fold onto said upper half of said 
central part (18a) about said base sides, and said 

25 central part (1 8a) is folded up from its upper end so 
that said upper end is folded on top of an upwardly 
facing surface of an inner end of said central part 
(18a), 

30 17^ A vehicle air bag system as recited in claim liB, 
wherein 

said upper and lower sleeve parts (1 8b, 1 8c) 
of said air bag (18) fold onto said upwardly facing 
surface of said upper half of said central part (1 8a). 

35 

18. A vehicle air bag system as recited in claim 15, 
wherein 

said air bag (1 8) is housed inside said module 
case (1 6) by folding said upper and lower sleeve 

40 parts (18b, 18c) onto substantially said upper half 
of said central part (1 8a) such that at least said low- 
ersleeve part (1 8c) is on a bottom side of said upper 
half of said central part (1 8a), and folding said cen- 
tral part (1 8a) from its upper end so that said upper 

45 end is folded on top of an upwardly facing surface 
of an inner end of said central part (1 6a). 

19. A vehicle air bag system as recited in any one of 
clainr^ 1 to 18, further comprising 

so a bottom guide (29) extending from an upper 

surface of said cowl top (4) to a lower part of said 
front windshield (2) to guide a lower surface of said 
air bag (18) when said air bag (18) inflates. 

55 
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Fig. 3 
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Fig. 6 
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Fig. 8 
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Fig. 11 
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Fig. 14 



21 



EP1 176 062 A2 




22 



EP 1 176 062 A2 



21a(21) 
1 28 




23 



EP 1 176 062 A2 



c 



START 



Distance sensor measures relative 
distance S with respect to pedestrian. 



G sensor measures vehicle 
deceleration G resulting from braking, 






YES 




r 


Send actuation signal 


' to hood spring-up means. 




r 


Send actuation signal 


to air bag module. 




f 



c 



START 



) 



Fig. 17 



24 



